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gusts of shorter duration are also recognized. The 
accurate timing of single d e s  in such a recorcl as that 
shown is, of course impossible, and the irregularity in the 
record caused by the registration of the passage of the 
"bridge" pin further limits rrfined measurements of the 
record simply to timing as accurately as possible the 
crests and hollows during the period of estreme veloci- 
ties. In  order to employ a method which would single 
out the greatest wind travel in a 5-minute period and 
which a t  the same time would be free from any personal 
bias, the writer chose the following: A standard milli- 
meter scale was clamped clown on a clear photographic 
copy of the record. The zero was placed at  the noon line, 
and the scale alinecl parallel to the slope of the record, 
then with the aid of a piece of celluloid engraved with a 
fine transverse reference line, the scale readings given 
in table 3 were made of several crests and hollows before 
and after the place of maximum travel. 

TABLE 3.--dIillinieter scale readiugs on crests and hollows of a portion 
of zig-zag wind trace like fig. 2 froin noon to 1,Y:SO p.m. .ip. 1.2 
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It is clear from tlie table t'hnt a t  the time of the ma.si- 
mum there was a sustained high movement represe,nte,d 
by a t  least four double 22-mile groups having a time 
space ranging from 5.2, 5.3 up to 5.7 mm. Since a 
space of 5.4 mm. represents a time interval of 5 minutes, 
the maximum travel in 5 minutes must have ranged 
between n.t least 20.9 and a t  most 22.8 indicated miles, 
that is, 251 or 374 indicated d e s  per hour. By t8he 
November tests of 1933 (equation 6) these indicated 
speeds correspond to true hourly speeds of 184 and 199 
miles per hour. By the June 1934 tests in the 3-foot 
tunnel (equn.tion 7) the corresponding hourly movements 
are slightly higher, that is, 187 and 204 miles. 

In the cme of the still higher gusts t,imed by stop- 
watch, permitting reading time to hundredths of seconds, 
it is statecl the shortest elapsed time WRS 1.17 secoiicls 
for an indicated trnvel of one-tenth mile, that is, 308 
miles hourly movement, which corresponds to a true 
wind of 221 miles per hour by the November 1933 c,al- 
ibration, and 335 miles by the June 1934 t'e.st. 

Grent confidence is justified in the verity of these 
resul bs, especially the 5-minute travel, be,cause of the 
perfect character of the automatic record, the sustn.ined 
movement during the maximum, blie excellent fit of the 
hyperbolic equation to the test observations, and finally, 
the sound character of the extrapolation of corrections 
to extreme wind speeds. 

1 hour=65.1 mm. 5m=5.4 mm. 

FURTHER CONCLUSIONS FROM ADDITIONAL OBSERVATIONS I N  THE FREE' AIR 
OVER SAN DIEGO, CALIF. 

By DEAN BLAKE 

[Weather Bureau, San Diego, Calif., 19341 

Because of their ilpportance to aviation, their doniina- 
tion of clinia.t,ic conditions in the regions aff ec,ted, and t,he 
challenge they present, the fogs and overcast skies, nncl 
the concomitant teniperrtture inversions that 0cc.w along 
the. California coast durmg tlie summer, are t,he subject 
of considerable discussion and speculation. In spite of 
what ha.s been written alreacly, there remains a fruilful 
field open to researc.li and investigation. Writers, too, 
are fnr from any sort of agreement as to their causes, and 
niost, of the conclusions t,hat have been reached are based 
upon an insuffic.ient amount of data. 

This paper is in the nature of a supp1e:nentary discus- 
sion to others that have appea.red, and is ofTered as an 
aid in the cle.aring up of some disputed points, by the 
presentation of additional data., made available through 
the courtesy of tlie a.erologica1 office a t  the Naval Air 
Station, San Diego, Calif. In  it a.tte,mpt,s are also made 
to couple various phases of the phenomena with t,lie re- 
sults of recent, investigations, part8icularly with the find- 
ings from free air observations. With the accumulation 
of data, and tlie attaininent of greater ac.curnc,y in aerolog- 
ical records, due largely to changes in. technique, and an 
improvement, in the aerographs in use, it 1ia.s bec,oine possi- 
ble to analyze many more statistics, and t,o draw much 
riinre accurate conclusions. 

Several quite complete descriptions of the inversion and 
its attendant cloud stratum ha,ve been published, Byers, 
(1) and Anderson, (2) in particular, going into detail. All 
writers agree that it is a summer phenomenon limited to 
the littoral regions. It is characterized by the regular 
0cciirenc.e of overcast skies during the greater part of the 
night and in the early morning; a decrease in temperature 
and nn increase in relative humidity to the top of a rela- 
tively thin layer of air; and an inc.rease in temperature 
and a rapid decrease in relative huniidit<y for several hun- 
dred meters beyond, afte.r which the normal lapse rate is 
approximated, and the humidihy remains fairly constant 
but low. 

The inland invasion of the vapor-laden stratum depends 
upon the elevation of the land contiguous to the oc.ean. 
Where a mountain mnge arallels the iniinediat,e coast 

where t,here, are no elevations in its way, it penetrates well 
into the int,e.rior. Airways reports in San Diego County 
show that low clouds or fogs are prevalent in the early 
morning hours a t  least 40 miles inland, if there are no 
obstacles to prevent the sea breeze from carrying the.moist 
a.ir that far, but where mountains with an elevation of 
severn.1 thousand feet skirt the shore line, t,hey are nor- 
mally confined to the coastal areas. 

without an opening, a,n e B ective ba.rrier is offered, but 
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The seaward extent is not definitely known, but Ander- 
son states that it seems safe to assume that the stratus 
bank is usually unbroken for a distanc,e of 200 to 300 
miles. 

There is ample proof that the cloud layer with an in- 
version above appears in the late spring or early summer, 
coincidentally with warm weather and the attendant 
the.rma1 semi-permanent low pressure area over the Far 
Western interior. This year, for esample, record-breahng 
high temperatmures were recorded in the interior of south- 
ern California and tlie valleys of Arizona, as early as 
March, and, at  the same time, low stratus developed along 
the southern coa.st, where the aerograms showed the 
anticipated rise in temperature above. Normally, though, 
no regularity of inversion conditions can be espected until 
June. May records show less than 50 percent of the days 
with inversions; June 76 percent; July 93 percent; and 
August 92 percent. In  September the seasonal decrease 
in the number begins again. During several of the Julys 
and Augusts under consideration, every aerogram was 
of the inversion type. 

The first, 
by Thomas (3) in 1925, was to the effect that a form of 
convective circulation was in operation; a lower, moister 
layer of air coming from the ocean, with a higher, warmer 
counter-current finding its way westward across the moun- 
tains from the desert, be,yond, where it was supposed to 
have its origin in the intense heat. This idea st,ill is held 
by many fliers. 

Blake, wit,h the help of Bowie (4) next offered the con- 
cept of a relatively c.001 stratum of moist air from theocean 
overtopped by warmer air of c.ontinenta1 origin brought in 
from great distances. In  the paper an analysis was made 
of the data available up 60 that time. 

Sometime later, Byers (1) espressed the conviction 
that "it is silnply a case of cool, nioist air making inroads 
into the warm air of the land", and "the warm air aloft 
is not brought in from the interior either directly or 
indirectly, but is t,he normal condition in the area." 

Not cont'ent with the other explanations, Lieut,enant 
Anderson (2) ascribed tlie format,ion of the doucl st,ratum 
bo t,he action of turhu1enc.e. He assert's in his paper that 
the water of tlie Pnc.ific ocean everywliere is warmer than 
at any giwn point along Chlifornia. Thus, as t,he air 
moves toward the land, it must pass over colder and colder 
water, n.nd in its passage the surface layers become cooled. 
Due to friction between t'lie air nncl the maber, the air 
becomes turbulent,, and through energy supplied by the 
wind, et1die.s are formed which mix tlie colder surfme n.ir 
with t8he warmer air above. In t,his way the temperature 
of the stratum decreases with altit,ude up to t,he base of 
t8he inversion, the height of which depends upon bhe wind 
force, temperature nnd humidity. 

Of t,he c.a.uses of the inversion, he is of blie opinion t1ia.t 
any mass of air approaching the coa.st from a considerable 
distance a t  sea must develop an inversion. If c,louds clo 
not develop, tlie lapse rate of the air near tlie coast would 
be approsiniately equal to tlie dry adinbatsic up to the 
top of the stratum, but above that point the temperature 
would increa.se, with tlie masimum at some point, say, 
1,000 feet higher. Thus, in Anderson's opinion, the 
inversion is a sea condition c.aused by the cold water 
along the c.oast. 

As these cleductions nre. based on the premise that8 
prnotically all of the, air over the co&al re.gion, rega.rdless 
of its altitude, corne,s from the ocean, it will profit us to 
look into the accuracy of the data from which they have 
been drawn. 

Several esplanations have been proposed. 

It is unfortunate that both Byers and Anderson laid so 
much stress on the summary of pilot-balloon soundings 
for June, July, and August, 1934-27, published in the 
writer's article previously referred to. Table 1, which 
is based on more rece,nt data, is oflered for c.onsideration, 
and shows considerable variabion from the sunimariza- 
tion of the earlier period. It presents t8he number of times 
at  the San Diego Airport Station, during July and Augusl 
1933 that the wind wns observed from ea.ch of the 16 
directions a t  elevations to 10,000 meters. In it, the sea 
breeze (SW. to NNW.)  is found t,o prevail to 1,000 meters, 
but above this elevation there is a bmking toward the 
directions between the south and the east, with the 
change from the westerly quadrant to the southerly quite 
abrupt. A significant fe.ature is t1ia.t e,ven in the highest 
altitudes no return to the. western sector is apparent. 

That the results in tlie table are in no way abnormal, 
is borne out  by the wind roses, for San Diego and Los 
Bngeles, on the Pilot Chart of the Upper Air for the 
North Pacific Ocean, for July a.nd August, which graphic- 
ally present over a period of several years a t  the 10,000- 
foot 1eve.l (3,000 meters), t'lie same preponderanc,e of 
directions from land sources. 

If a further check of the accuracy of ta.ble 1 is n.eeded, 
it is presented in t>able 2, the movements of the upper 
and inte,rmediate clouds a t  San Diego during July and 
August in the last 7 years. The omission of alto-stratus 
cloucls from the table is due to t,heir rare occurrence. 

Granting its prevalency, t'he source of this upper-air 
movement is not hard to find. In  a convincing paper by 
T. R. Reed, in the h i I o N T H L Y  WEATHER REVIEW for 
November 1933 (5) tlie existence of an anticyclonic 
circulation, in tlie upper lei& over sout'liwestern United 
States and northern Mexico during the warm season, was 
conclusively demonstrated, it,s west,ern rim e.mbmcing 
the California coast,. This paper leaves litt,le doubt 
that, as a rule, winds aloft over San Diego, coming from 
directions between the east and southwest during the 
summer months, belong to t81iis great, upper wind system 
that covers all of the southwestern portion of the north 
American cont,inent, and t'liat,, in their broad, clockwise 
movement, may ha.-e trave,rsed t,he Mesicaa highlands, 
but in any event have been w-nrmerl by subsidence en 
roil t e. 

A day-to-day study of t,he aerogrnms, received in 
the San Diego office from the Nnvnl Air Station, soon 
convinced us that some hasbily formed, but generally 
nc.cepted, conclusions were not substn.nt#iated, so a tab- 
ulation and analysis was nintle of all obse,rvations with 
inversions of t'emperature in June, July, and August 
during the 5 years, 1929-33. A summarization of these 
cht,a is found in tables 3 to  6. 

In passing, it, may be remnrkecl that it always 1ia.s been 
assumed that t,lie top of the cold moist layer c.oincides 
with tlie point of lowest tenipe,rature and highest relative 
humidity, regardless of whether or not clouds are visible. 
While some discrepancies occasionally appear between 
the elevat,ions observed rtncl those indicated by the 
nerograph traces, they are not too large to be asc.ribed to 
instrumenta.1 error or lag. 

THE COLD M O I S T  S T R A T U M  

In the consideration of the tables and othere data a t  
hand, several points are found worthy of enumeration. 

1. Published opinions to t'he contrary, notwithstanding, 
the top of the stratum does not remain a t  the same 
height during any given occurrence, but is subject to 
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marked changes in the 24 hours. Table 3 conclusively 
shows that it is lowest in the afternoon and highest in the 
morning, with an average change in elevation of 102 
meters (335 feet). That this variation is not an error 
resulting from the use of a mean derived from separate 
and differing sets of readings, is verified by the results 
given in table 4, data for days with two aerograms, 
one a t  8 a.m., and one at  1 p.m. The agreement between 
the two sets is too close to be accidental. Furthermore, 
this change in the height of the top of the stratum has 
been found to occur on days completely overcast, on two 
occasions the afternoon showing a drop of over 300 meters 
(1,100 feet). 

It may be remarked here that assertions are frequently 
but loosely made, that if the height of the top of the moist 
layer has been established at one point in southern Cali- 
fornia, say at  Mount Wilson, that it will have the same 
elevation everywhere else in the district. This is not so. 
Careful observations by Army pilots show a difference of 
several hundred meters between the coast in the Los 
Angeles area and the San Fernando Valley, a gradual 
increase taking place with increase of distance inland. 

2. The thickness of the layer changes considerably from 
day to day, and, as the top rises or falls there is a corre- 
sponding rise or fall in the ceiling below a large part of 
the time. In other words, a lowering of the ceiling 
usually is accompanied by a dropping of the top of the 
cloud. Surface fogs generally occur when the elevation 
of the top is below the average thickness of the stratum. 
From this we are convinced that one of the most promising 
methods of solving the appearance of summer fogs a t  the 
surface, is to determine the controlling factors in the 
height of the cold moist layer. 

3. The height of the stratum tends to follow in a con- 
verse manner the mean temperature curve for valley 
stations in San Diego County; thnt is, it is lowest when 
the temperature is highest. This is shown graphically in 
figure 1. The same correspondence is noted with the 
same curve drawn for desert stations to the east, but is 
less pronounced. 

4. Cloud ceilings at  coastal stations almost invariably 
rise just before the sky clears. Dissipation, as  a rule, 
first begins inland, and works its way to the coast, where 
a cloud bank can be seen at  sea during the balance of the 
day. After sunset, clouds form again quite suddenly, 
and, as the formation gradually progresses towarcl the 
interior, the ceiling drops slowly, reaching the minimum 
in the hours around sunrise. It is most significant that 
clouds often appear several miles inland before they begin 
to overspread the littoral. The statement by Varney (6) 
that dissipation of the “high fog” proceeds very largely 
from the top downward in the piedmont littoral of Los 
Angeles, is not in accord with observations at  San Diego. 

5. The moist stratum is rendered visible (when clouds 
are not present) by a haze layer which extends to the 
ground. Above this, smoke and dust do not penetrate, 
and visibility, normally, is unlimited. On numerous 
occasions, clouds actually have been observed in the 
process of formation at the top of the haze. Invariably 
they built downward, and in their disappearance int-aria- 
bly began to dissolve a t  the bottom. That they occasion- 
ally grow upward and dissipate downward is probable, 
but a “burning off ’) from the top to the bottom has never 
been witnessed by the personnel a t  the San Diego offices. 

We believe that the conclusions reached by Bowie in 
his paper “The Summer Nighttime Clouds of the Santa 
Clara Valley, Calif. (7) cover and explain the formation 

7Q.m- 

of the stratus clouds of summer at San Dkgo as well as 
in the San Francisco Bay region.’ 

That turbulence is found in the moist air is evident. 
The cloud shows it, aviators experience it, and the un- 
even top of the stratum verifies its existence. But the 
assumption that such turbulence is the effect of advective 
processes is refuted by the fact that the turbulence 
reaches its maximum after horizontal wind movement has 
practically ceased. By the tables the top of the stratum 
is proved to be actually several hundred feet lower during 
the warmest and windiest hours than it is during the 
quiet morning hours. Furthermore, turbulence which 
results from advection in a stable air mass cannot pro- 
duce an unstable lapse rate, whereas mdiation from the 
superior surface of such a mass not only ca,n but continu- 
ally does, with turbulence RS a consistent a.ncl inevitable 
consequence. 

It may be well here to point out that the role phyed by 
advective turbulence in the formation of advec.tion fog, 
found at  all seasons on the California coast, is fully rec- 
ognized, and not minimized in the least. It is further 
realized that fogs of this type spread over the land a t  
tinies. However, in this paper we are concerned solely 
with the so-called “high fog”, t,he formatmion of which is 
believed to be by nocturnal radiation from the top of the 
cold st>ratum, with the growt*h of the cloud taking p1ac.e 
downward. 

We cannot believe, furthermore, that a cloud layer 
which pe,netrates, and upon occasion actually forms many 
miles inland, depe,nds entirely upon the action of wind 
and wave for its origin. The very fact tha.t it’s dissipation 
is from the bottom up, and its forniation from the top 
down, should eliminate any explanation that involves the 
init,ial cooling at  or near ground level. 

Surface turbulence, if further argument is needed, 
would tend to prevent strat,ification rather than give rise 
to it. Under no circumstances could it cause a mass of 
air to rise to a uniform level over an area of several hun- 
dred square miles, particularly when surfac.e elevations 
vary grea.t,ly, and different temperature and pressure 
gradients, moisture content, and wind veloc.ities obtain. 

THE INVERSION LATER 

A brief description of the salient features of the inver- 
sion layer remains to be given, so, in addition to the data 
offered in tables 5 and 6 ,  the following summing up is 
presented. 

1. The temperature inversion persists both day and 
night, but there is no regular diurnal maximurn and 
minimum temperature. The mean change between the 

1 The essence of Bowie’s theory It found in the fol!owing quotation taken verbatim 
from the paper in question: “It is known that air rich in water vapor is selectively highly 
absorptive of terrestrial long-wave-length radiation; and being a good absorber it also is 
a good radiator in the same spectral region. in facl as good, nearly BS a black body. Con- 
versely, dry,  clear air is diathermanous to terrestrial of long-wave-length radiation and 
therefore in that region a nonradiator. and its temperat.ure subject to change only by work 
done by it or upon it. Hence a t  night the stratum of marine air rich in water vapor cools 
radiationally while the stratum of dry air above it remains at a const.ant temperature or 
at most, loses its heat very slowly. * When this situation exists the excess of out! 
going over incoming radiation is a t  its maximum a t  the upper surface of the bay of marine 
air. and sometime during the night the cooling thus caused reaches the dew point con- 
densation starts and cloud forms. I t  dom not necessarily follow that t.he dew pdint is 
reached flrst a t  the upper surface of the humid air; it may be a t  some intermediate alti- 
tude between this surface and the bottom. When the dew point is reached at the upper 
surface flrst the growth of the cloud is downward; whereas when it is reached flrst a t  
an intermediate altitude the growth of the cloud is both upward and downward. Ulti- 
mately the cooling throughout the marine air, l r o m  a maximum a t  its upper surface 
downward to a mimmum at  its bottom, may result in the lapse rate exceeding the adia- 
batic, when there will follow convection and turbulence t,hat would cause a pilot passing 
through or under the cloud to experience bumpiness. This convective turbulence in- 
cresses the rapidity of cloud formation. The descending currents the counterpart of 
the nscending currents in the convective process, are not heated a t  {be adiabatic rate for 
dry air. for in them there is loss of heat by evaporation, the equivalent of t.hat gain by  
condensation in the ascending current. As the cooling proceeds the thickness of the 
cloud increases and a t  times the entire mass of marine air is Blled with cloud from top t.o 
bottom.” 
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morning and afternoon, as shown in table 6 ,  is only 0.2’ C. 
with the afternoon readings higher only 55 percent of the 
time. In  August, mornings were actually warmer than 
afternoons. 

2. The height of the maximum inversion varies from 
morning to afternoon and from day to day, and the change 
in elevation, while independent of the upper surface of 
the cold stratum, is similar in that it is usually lower in 
the afternoon than in the morning. 

3. Apparently there is no relation between wind direc- 
tion and the highest temperature found aloft; the winds 
are generally light and variable. 

4. Warm weather a t  ground stations is often accom- 
panied by a rise in temperature in the upper a,ir at the 
same time unless convectional overturning results, and the 
inversion is displaced. However, a warm summer at the 
surface does not signify a similar condition aloft. For 
example, in the records for San Diego County, the 
summer of 1931 was abnormally warm, yet inversion 
temperatures averaged the lowest of the five summers 
under consideration. 

5. Temperatures in the upper air have not proved to be 
as high as reputed. Above 90’ F. was recorded twice 
only in the last five summers, and maxima over 85’ F. 
were registered only infrequently. The absolute highest 
for the period was 92’ F. on July 36, 1933; also the 
warmest day of the month at  surface stations. 

From these data and argumenh, we are convinced that 
the cold stratum is of marine origin, and the inversion is 
of continental origin, the direct cause of high tempera- 
tures aloft usually being subsidence of air brought in by 
the thermal high-level anticyclone. The two strata are 
fundamentally different, and like a layer of oil on a layer 
of water-they will not m k 2  

What may be taken as visible proof of the immiscible- 
ness of the two strata was witnessed recently near Lou 
Angeles. Black smoke from a burning oil well rose as a 
huge dome several hundred feet into the inversion layer, 
but was unable to penetrate it, the smoke surrounding 
the dome settling along and outlining the top of the cold 
stratum. Directly over the fire, however, thermal con- 
vection was of sdicient strength to make the dome of 
smoke-filled air. The whole formation appeared as 
though an invisible lid was establishing definite ascen- 
sional limits. 

Sailplanes and gliders, according to pilots, cannot rise 
beyond the upper surface of the marine air. Lange (8) 
explains this by the principle that “temperature inver- 
sions resist the vertical air exchange, and generally retard 
the vertical velocit,ies completely.” 

In his paper 
on fog and haze, Willett, (9) on page 448, remarks that 
Georgii and many others have pointed out that inversions 
commonly found above “high fog” are the surfaces of 
subsidence in anticyclones. Now that logical sources for 
the descending currents have been discovered, the explana- 
tion of the phenomenft on the California coast is apparent. 

The inversion problem is more than local. 

2 On the margin of the i ianuscrlpt, T. R. Reed made the following annotation: “Any 
air mass, which has undcxone subsidence, might conceivably supply the source. All 
meteorologists agree that. there is subsidence in the antitrades, so it would not be hard to 
imagine at times a marked settling of tropical air anywhere in these latltudes, perhaps 
accentuated In this vicinit.y by the cold waters found off our cosst. Furthermore, it is 
conceivable that air in its vast clockwise trajectory around the Paciflc high m a  may have 
its so- far to the south, and reach the Califorela coast =,a relatively warm northwest 
or wwt  wind, which has become dry and has gamed additional heat in i t s  descent.” 

How else, escept by dynamically heated descending air, 
are we able to account for the excessively low relative 
humidity readings that occurred in June 1932 over San 
Diego, when the aerograph recorded 0 percent a t  all levels 
from 8,000 to 11,000 feet with westerly winds prevailing? 
(10). 

As a rule winds in the lower levels of the inversion are 
from the direction of the ocean. This, to many, is a 
serious objection to the subsidence theory. An analogous 
situation and a logical explanation may be cited in the 
weather a t  San Diego where high temperatures generally 
occur with winds coming directly from the water; yet the 
relative humidity may be extremely low, and strong east 
and northeast winds may be blowing at  the 300- or 500- 
meter level. It is not improbable that a similar condition 
obtains in the inversion canopy, where light east to 
southwest winds prevail above the 2,000-meter plane, and 
the sea breeze in variable depths below. Even if winds 
are from the ocean at  the point of maximum inversion, 
they still may convey the hot dry air of the 4,000- or 
4,500-me ter levels. 

Byer’s suggestion that warm air of the inversion layer 
is not brought in either from the interior or the ocean, but 
is a normal condition in the air, yet remains to be con- 
sidered. This e-planation must be dismissed on the 
grounds that no diurnal change is apparent, and the 
highest daily readings are recorded in the morning almost 
as often as the afternoon. If temperatures in this layer 
were normal, as contended, the normal lapse rate above 
the moist stratum would be closely approximated because 
the impenetrability of the inversion layer precludes 
mixing from below to any degree. Moreover, tempera- 
tures in the inversion layer have been found to be inde- 
pendent of terrestrial radiation, and are not affected by 
high or intermediate cloudiness that materially lowers 
surface readings. 

Several fellow workers, whose assistance is gratefully 
acknowledged here, raised a query as to why the tempera- 
ture peak is so far above the lower stratum. In  the tables 
submitted its average height is 1,248 meters (4,100 feet), 
which places it 746 meters (2,450 feet) above the cold 
stratum. If our deductions have been correct, the highest 
readings should occur a t  the level of maximum subsidence 
some distance above the base of the inversion, leaving an 
air mass of varying thickness which would tend to damp 
out descent in the lower levels of the inversion. It is 
found at  the most logical place. The source of the varia- 
tion in height, temperature and humidity of the whole 
upper layer is found in the strength, depth, origin, and 
water vapor content of the air stream from which its 
very existenc.e is obtained. 

Our conclusions, then, briefly summed up are as follows: 
1. The underlying cool moist stratum is of maritime 

prigin. Clouds form along the top by radiation, usually 
111 the early evening, and as night advances, build down- 
ward. In the morning, dissipation begins a t  the bottom 
and works upward. 

2. The overlying warm dry stratum, known as the 
inversion layer, is usually the result of subsidence of air 
from the interior of the continent, brought to the Cali- 
fornia coast by the high-level anticyclone, centered over the 
heated regions to the eastward. 
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TABLE 1.-Summary of pilot-balloon ascensions at San Diego, Calif., 

[Meters] 
during July and August 1933. Observations at 3:30 p.m., P A T .  

........ 

2 2 

.-- 1 

2 

3 1 
_ _ _ _ _  
. -. . - 

. 

3 

1 
1 
2 
2 

_ _  
. . 

:u: _ _ _ -  
............ 

. -. - -. - - - 

..- 1 1 
1 1 1  1 

4 1 .-- 
3 1 1  2 
__.._ l - - .  

1 ...... 
.__ 2 1 

4 3 .-. 
1 1 1  1 

1 1 1 

......... 

_ _ _  .-. --- 
........... 

- - - - -. - - - 
_.__.__. --- 

N ......................... 
N N E  ...................... 
N E  ........................ 
E N E  
E. ............................. 
ESE .......................... 
SE .................... 
SSE ................... 
S .................. ssw .............. sw ................ wsw ............. w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
WNW ............. 
N W  ............... 
NNW ................. 
CALM 

1 1 3 2 1  
1 ........... 1 
1 1 .... 2 3  

.................................. 1 2 
1 ....... 3 
1 .... 1 3 

1 .... 2 1 . . . 5  
1 .... 6 3 8 5  

7 1 8  5 8 6 6  
5 7 5 2 4 1 2  
7 1 0  5 3 1 5 5  
4 1 4 3 2 5 3 

13 8 7 3 5 3 3  
16 18 8 6 6 3 1 
10 14 14 11 13 7 3 

1 6 10 7 6 4 
................................ 1 ... 

NOTE.-Soundings during June were made at  8:30 p.m., P.S.T., usually after clouds 
had formed, and few reached a greater height than 1,500 meters, and none over 5,000 
meters. 

TABLE 2.-Percentage of times upper and intermediate clouds were 
recorded from various directions at San Diego, Calif., during J d y  
and August 1967-33 

I ci. I ci. s t .  I c i .  c u .  1 A. c u .  

.. 

_ _  
1 
_. 

_ _ _  
3 3 1  

1 .. 
..... 1 
4 1 2  
2 5 4  

r 6 7  
6 3 5  
5 5 6  
5 8 3  
3 2 5  
1 4 3  
4 1 2  
2 1 1  

1 1 

1 .- 

5 5 3  

..... 

0 
2 

18 
46 
7.5 
2 
0 
0 
7 
44 

1 
2 

15 
31 
18 
15 
7 
1 

107 lo 

0 
3 
7.5 
49 
15 
4 
0 
0 

1 
4 

27 
42 
18 
0 
2 
0 
7 

45 

NoTr.-Thoae reported calm were usually on the southern or eastern horizon, and 
were too distant for the d h c t l o n  to be determined. 

TABLE 3.-Average height, mean temperature, and relative humidity 
at the top of the cold stratum during June, July, and August 
1929-S3, inclusive, for all observations 

Month 
Number 

A.m. I P.m. 

August _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  103 

Total ................ 

Average 

Average height Temperature :&zg 
A.m. 1 P.m. I A.m. 1 P.m. /A.m.(P.m.  
______-____ 

Meter Meters O C .  
641 628 13.7 
614 457 17.2 
4M 413 17.9 18.3 75 

............................................ __----- 
545 I 16.51 17.21 801 83 

TABLE 4.-Average height, mean temperature and relative humidity at 
the top of the cold stratum during June, July,  and August 19.99-33, 
inclusive. For a.m. and p.m. observations made the same day. 

I I 

Month 

I 1 A.m. I P.m. 1 A.m. 1 P.m. I A.m. I P.m. 
I-I-I-I-1-1-1- 

TABLE 5.-Ai!erage height, mean temperature, and relative hiimidity 
of the point of highest tcniperatnre duriiig Jriiae, Ju ly ,  and August, 
198953 ,  inclusive. For a11 obseraations 

Month 
Number Average height Temperature zzgy 1 1  

IA.m.lP.m.1 A.m. I P.m. I A.m. I P.m. IA.m.1P.m. 

June __.__ _ _  .___ __. _ _ _  _ _ _ _  _ _  
July. ...................... 
August 34 .................... 

Total ................ 271 170 ............................................ 

Average ............. I ...... I ..... 1 1 , 2 8 3 1  1,203I 23.81 2 4 1 1  301 32 
__-- 

TABLE 6.-Average height, mean temperatwe, a i d  relatice humidity 
of the point of highest temperature during June, Ju ly ,  and August, 
19.99933, inclusive. For a.m. and p.m. observations made the same 
day 

Month 

June- - _ _ _  ._ - _ _ _  ._ _ _  _ _  ___. 
July ........................ 
August _ _ _ _ _  __._ __._ _.._____ 35 
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